Objective. The aim was to study the prevalence, rate of appearance and severity of clinical features in patients with different anti-synthetase syndrome (ASyS) autoantibodies.
Introduction
The anti-synthetase syndrome (ASyS) is a complex autoimmune disorder characterized by the presence of autoantibodies against one of the aminoacyl-transfer (t)RNA synthetases. It is a clinical syndrome including variable expression of myositis, interstitial lung disease (ILD), polyarthritis, mechanic's hands, RP and/or fever.
Anti-Jo1, directed against the histidyl-tRNA synthetase protein, is the most common of the anti-synthetase antibodies [1] . Other aminoacyl-tRNA synthetases targeted by autoantibodies and associated with the ASyS include anti-PL7 [2], anti-PL12 [3] , anti-OJ [4] , anti-EJ [4] , anti-KS [5] , anti-Zo [6] and anti-Ha [7] .
The type of ASyS autoantibody and the co-positivity with anti-Ro52 have been proposed to be major prognostic indicators predicting the manifestations and severity of ASyS. Thus, it has been suggested that anti-Jo1 patients have more prevalent muscle involvement, whereas patients with anti-PL7 and anti-PL12 are more likely to have ILD and gastrointestinal complications [810] . In addition, anti-Ro52 has been associated with a higher cancer risk and more severe muscle and joint involvement [11] .
Two large cohort studies [8, 12] have compared the clinical features of anti-Jo1 patients with other ASyS autoantibodies, finding evidence that non-anti-Jo1 patients, particularly anti-PL7 and anti-PL12, were more likely to have isolated lung involvement and increased mortality. Moreover, two recent large multicentre cohort studies have analysed the natural history of anti-Jo1 ASyS [13, 14] , clarifying the dynamic nature of ASyS manifestations over time, the heterogeneity in clinical features of the syndrome and the tendency to chronicity of ASyS ILD.
In this large single-centre study using an equivalently sized but independent cohort of patients from the Johns Hopkins Myositis Center cohort, we compare the different ASyS autoantibodies in terms of survival, cancer rate, clinical features at the onset of the disease and their rate of appearance. Moreover, we assess the role of anti-Ro52 as a disease modifier and study the severity of the lung, muscle and joint involvement over time.
Methods

Study population and autoantibody testing
Patients enrolled in the Johns Hopkins Myositis Center Longitudinal Cohort study between 2003 and 2016 were included if tested positive for an anti-synthetase autoantibody.The initial sera from all patients was screened for anti-Jo1, anti-PL7, anti-PL12, anti-EJ, anti-OJ and anti-Ro52 autoantibodies by ELISA, line blotting (Euroline Myositis Profile 4; Euroimmun), by immunoprecipitation at the Oklahoma Medical Research Foundation and/or using Quest Diagnostics myositis panels.
At each visit, arm abduction and hip flexion strength were evaluated by the examining physician using the Medical Research Council scale. This scale was transformed to Kendall's 010 scale for analysis purposes as previously described [15] . Serial strength measurements for each patient were made by the same physician. For the purposes of analyses, right-and left-side measurements for arm and hip strength were combined and the average was used for the calculations (possible range 010). Serum creatine kinase (CK) concentrations were included for analysis if obtained within 6 weeks of the date when strength testing was performed. Myositisspecific skin involvement, symptoms of oesophageal involvement and ASyS-associated clinical features (e.g. mechanic's hands, RP, arthritis, fever) were documented both retrospectively at the onset of the disease and prospectively at each visit. ILD was defined through a multidisciplinary approach as suggested by the American Thoracic Society [16] . Pulmonary function testing included spirometry, lung volumes measured by helium dilution and diffusing capacity by single-breath carbon monoxide based on American Thoracic Society criteria [17] . This study was approved by the Johns Hopkins Institutional Review Board; written informed consent was obtained from each participant.
Statistical analysis
Dichotomous variables were expressed as percentages and absolute frequencies, and continuous features were reported as means and S.D. Pairwise comparisons for categorical variables between groups were made using the 2 test or Fisher's exact test, as appropriate. Student's ttest was used to compare continuous variables among groups. CK, a highly positively skewed variable, was expressed as the median, first and third quartile for descriptive purposes and transformed through a base-10 logarithm for regression analysis. Indirect standardization was used to compare the number of cases of cancer that we observed in our sample during the 3 years before or after the onset of the disease [18] with the number one would expect in the general population with the same age and sex distribution. Cancer incidence by age and sex groups was taken from the 20082012 United States Cancer Statistics registry. The observed and expected numbers of cases were compared using the standardized incidence ratio (observed/expected cases of cancer) and its 95% CI. The number of years at risk for cancer was allocated to the correct age interval. In the event a patient had cancer, died or had <3 years of follow-up after disease onset, the number of years at risk for that patient would end at the occurrence of the event.
Patients who died were identified using Johns Hopkins medical record system and the March 2014 version of the USA Death Master File. Mortality incidence by age and sex groups was also compared with the general population using indirect standardization based on the 19992014 Compressed Mortality File. The number of years at risk from the disease onset to the date of death or to March 2014 was allocated to the correct age interval. The observed and expected numbers of cases were compared using the standardized mortality ratio (observed/expected deaths) and its 95% CI.
To account for the different number of visits per patient, the evolution of the pulmonary function tests, the CK concentrations and the muscle strength were studied using multilevel linear regression models with random slopes and random intercepts. The mean of hip flexor and arm abductor strength (range 010) was used as the strength outcome for regression analysis.
Locally weighted regression was applied to analyse graphically the evolution of the strength, CK concentrations and the pulmonary function tests. The KaplanMeier estimator and Cox regression were used to study the hazard to develop each one of the different clinical features over time and to compare cancer and mortality among autoantibody groups.
The influence of non-modifiable risk factors (sex, race, length of illness and age at the onset of the first symptoms), the CS dose and the administration of IVIG, rituximab, MTX, AZA and MMF were used as adjusting covariates. Other treatments administered to < 10% of the cohort were not included in the analysis.
All statistical analyses were performed using Stata/MP 14.1. To account for the number of statistical tests performed, a two-sided P-value of 40.001 was considered statistically significant for the univariate analysis, whereas 0.05 was considered significant for the multivariate analysis.
Results
Patients
From the 2042 patients enrolled in the Myositis Centre Longitudinal Cohort Study, 1198 (59%) were tested for anti-synthetase antibodies and 169 of these were positive (14.1%). One hundred and twenty-four (73.4%) individuals were positive for anti-Jo1, 23 (13.6%) for anti-PL12, 16 for anti-PL7 (9.5%) and 3 (1.8%) for anti-EJ and anti-OJ, respectively (supplementary Fig. S1 , available at Rheumatology Online). We analysed a total of 1458 visits, with a mean (S.D.) of 8.6 (6.7) visits per patient and a mean (S.D.) follow-up time of 4.1 (3.4 years). Considering the small sample size of anti-EJ and anti-OJ, they were not included for further subgroup analysis.
Of the ASyS patients, 73% were females, 32% were black, and the mean (S.D.) age at onset was 47.4 (13.5 years). Anti-PL12 autoantibodies were found more frequently in black patients. Anti-Jo1 was more common in white patients and was more frequently associated with anti-Ro52 autoantibodies. No differences were detected in the age at onset or sex distribution among autoantibody groups. CSs and AZA were the two drugs most commonly used in these patients, followed by MTX, MMF and IVIG (Table 1) .
Clinical features: univariate analysis
The clinical features of these patients both at the onset and during their follow-up are shown in Table 2 . In brief, exclusive, clinically apparent lung involvement at the onset of the disease was common in anti-PL12 and anti-PL7 patients (anti-PL12 65% and anti-PL7 56% vs antiJo1 26%), whereas sole muscle involvement was more common in anti-Jo1 patients (anti-Jo1 26% vs anti-PL12 0% and anti-PL7 12%). During the course of follow-up, most patients experienced both muscle and lung involvement (>60% in all groups). However, anti-PL12 and anti-PL7 patients trended towards having lung involvement without ever experiencing muscle involvement (anti-PL12 30% and anti-PL7 19% vs anti-Jo1 10%), and anti-Jo1 patients trended towards exclusive muscle involvement (anti-Jo1 26% vs anti-PL12 4% and anti-PL7 0%; Table 2 ).
The severity of weakness was not significantly different depending on sex, race, age at onset or anti-Ro52 status (Table 3) . However, at the first visit, patients with anti-Jo1 showed a trend towards being weaker (mean hip flexor strength 8.3) than anti-PL12 and anti-PL7 patients (both mean hip flexor strength >9.4). The CK concentrations of anti-PL12 patients were significantly lower than the rest (median CK concentration 78 IU/L, P < 0.001).
Autoantibody status and race seemed to be the most important prognostic factors associated with ILD severity. Thus, anti-PL12 patients showed the most severe ILD phenotype [percentage forced vital capacity (%FVC) = 57%, percentage diffusing capacity for carbon monoxide (%DLCO) = 55%] and anti-Jo1 patients the mildest (%FVC = 71%, %DLCO = 67%). Anti-PL7 patients presented intermediate ILD severity (%FVC = 61%, %DLCO = 53%). Black patients showed strikingly more severe ILD (>15% lower FVC and DLCO, all P < 0.001) than the rest of the patients ( Fig. 1A and B; supplementary Fig. S2 , available at Rheumatology Online). The severity of ILD was not significantly different depending on sex, age at onset or anti-Ro52 status (Table 3) .
Strength and ILD evolution: multivariate analysis
We performed a mixed effect regression analysis to assess the effect of the race and autoantibody status on the severity of weakness and ILD independent of possible confounding variables (age at onset, sex, time from the onset and immunosuppressant treatments). This analysis confirmed that patients with anti-PL12 autoantibodies showed lower CK concentrations and more severe ILD (lower FVC and DLCO) compared with patients with anti-Jo1 ASyS (all P < 0.05). Moreover, patients with anti-PL7 showed lower DLCO than anti-Jo1 patients www.rheumatology.oxfordjournals.org (À14%, P < 0.05) and a trend towards lower FVC (À4%, P > 0.05). Consistent with the univariate study, black patients showed strikingly more severe ILD (18% lower FVC, P < 0.001; 12% lower DLCO, P < 0.01) than white patients, with no interaction detected between the autoantibody status and the race (all P > 0.05).
This analysis also showed that independent of the autoantibody status (and the rest of the confounding variables), CK concentrations tended to decrease over time (b = 0.04 IU/l/year, P < 0.001) and the %FVC tended to increase in a barely clinically relevant manner (b = 0.89%/year, P < 0.01), whereas the strength and DLCO remained stable over time (Table 4) .
Independent of autoantibody status, race, sex, time from the onset, age at onset or treatments, CK concentrations were highly associated with the strength (b = À0.66, 95% CI: À0.87, À0.45; P < 0.001). Thus, a 10-fold decrease of the CK was estimated to be associated with a corresponding increase of 0.7 points of strength. The logarithm of CK concentrations continued to decrease linearly even after patients had reached maximal proximal muscle strength, which happened at $1 year of follow-up (Fig. 1C) . Finally, anti-Ro52 autoantibodies were not associated with the severity of the weakness or ILD (all P > 0.05).
Rate of development of clinical manifestations
Independent of the race, sex and age at onset, anti-Ro52 was associated with earlier development of arthritis [hazard ratio (HR) = 2.0; 95% CI: 1.1, 3.8; P = 0.03], mechanic's hands (HR = 2.0; 95% CI: 1.1, 3.7; P = 0.03) and DM-specific skin signs (HR = 2.0; 95% CI: 1.1, 3.6; P = 0.02; supplementary Fig. S3 , available at Rheumatology Online).
Both anti-PL12 (HR = 4.0, 95% CI: 1.5, 10.4) and anti-PL7 patients (HR = 4.2, 95% CI: 1.8, 11.1) developed symptoms of gastro-oesophageal reflux disease at a higher rate than anti-Jo1 patients (both P < 0.004; supplementary Fig. S4 , available at Rheumatology Online).
Additional signs and symptoms associated with the ASyS showed no difference in the rate of development over time among the different autoantibody groups.
Mortality and cancer risk
Thirteen patients with ASyS died during the follow-up (seven anti-Jo1 and three anti-PL12 and anti-PL7, respectively). Five patients (two anti-Jo1 and one anti-PL12 and anti-PL7) were diagnosed with cancer (all adenocarcinomas: two colon, two breast and one lung, respectively) within 3 years of the onset of the disease. Compared with the general population, no increase in mortality or cancer was observed either in the whole cohort or when analysing each autoantibody group separately (Fig. 2) . Also, independent of age, sex, race and age at onset, no autoantibody group showed a significant increase in mortality or cancer compared with the rest (all P < 0.05). Anti-Ro52 was not significantly associated with increased cancer (standardized incidence ratio 0.7, 95% CI: 0.09, 2.6) or mortality (standardized mortality ratio 1.4, 95% CI: 0.5, 3.0). * P < 0.05, ** P < 0.01 and *** P < 0.001.
Discussion
Our findings confirm the hypothesis that different ASyS autoantibodies have clinically distinct phenotypes. Both anti-PL7 and anti-PL12 are associated with more prevalent and severe ILD, whereas anti-Jo1 was associated with more intense muscle involvement than anti-PL12. Moreover, independent of the autoantibody status, black race was a major prognostic factor for ILD severity. AntiRo52 was detected more frequently with anti-Jo1 and was associated with earlier development of arthritis, mechanic's hands and DM-specific skin findings. Muscle involvement is one of the most characteristic features of the ASyS. However, its severity is milder compared with other types of myositis (e.g. anti-SRP-or anti-HMGCR-associated myositis) [19, 20] . After 1 year of follow-up, most of the patients recovered near-full proximal muscle strength no matter what combination of treatments was used (Fig. 1) . This would suggest a conservative immunosuppressant schedule (e.g. CSs plus MTX or AZA) as the treatment of choice in ASyS myositis when not accompanied by lung disease. The CK continued to decrease after the strength had reached near-full strength (ceiling effect), suggesting that CK has a broader dynamic range as a marker of muscle injury than the strength as measured using the standard Medical Research Council scale. By using this surrogate marker, we detected milder muscle involvement in anti-PL12 myositis compared with anti-Jo1. Considering the low price, high availability and objectivity of the CK determination, our data suggest that the logarithm of the CK could be a good surrogate marker for muscle disease activity in ASyS patients.
We show that patients with anti-PL7 and, to an even greater degree, anti-PL12 have more severe lung involvement than those with anti-Jo-1. Nonetheless, regardless of the autoantibody status, the tendency in ASyS is towards stability in lung function with treatment over time, as previously suggested [13] . This course indicates that lung inflammation with irreversible damage may occur very early after the onset of the disease. If this were to be confirmed, it would suggest that early aggressive therapy in newonset ILD might improve the long-term outcome.
The increase in the rate of gastro-oesophageal reflux disease detected in anti-PL7 and anti-PL12 patients is concordant with the increase in gastrointestinal manifestations suggested by Marie et al. [9] . However, this could be either secondary to an increase in the intrathoracic pressure swings attributable to ILD or to lower oesophageal involvement, which was suggested to be common in myositis patients but never demonstrated in a definite manner [21, 22] .
The mortality in our cohort was strikingly lower compared with previous studies. For example, Trallero-Araguá s et al. (17) 58 (72) 17 (4) 70 (16) 19 (3) 56 (9) 15 (25) (4) 19 (3) 31 (5) 14 (23) 35 (59) Mechanic's hands 10 (13) 51 (63) 0 (0) 57 (13) 25 (4) 56 (9) 11 (18) 53 (89) Dysphagia 10 (12) 21 (26) 9 (2) 30 (7) 12 (2) 19 (3) 9 (16) 22 (37) Gastro-oesophageal reflux disease 11 (14) 24 (30)*** 30 (7)* 61 (14)** 6 (1) 56 (9)* 14 (23) 33 (55) Fever 10 (13) 19 (23) 17 (4) 39 (9)* 0 (0) 6 (1) 10 (17) [13] reported 5 and 10 year survival rates of 88 and 75% in anti-Jo1 patients, whereas ours were 97 and 89%. The definition of the onset of the disease (at first symptoms instead of at diagnosis), a younger population of patients and the different origin of the patients (Rheumatology [14] , Internal Medicine [13] or a Multidisciplinary Clinic in our study) might explain these differences. Non-Jo1 anti-synthetase patients [12] and myositis patients with ILD [23] have been associated with higher mortality rates. We did not find significant differences in mortality between autoantibody groups, possibly because of our limited sample size or the high survival rates.
The rate of cancer was not significantly higher in this cohort than in the general population. Although some reports have associated ASyS with cancer [9, 11] , those studies were not adjusted for age and sex. Further studies have refuted this observation, suggesting that ASyS is not associated with cancer [24] . Our data support the absence of association for anti-Jo1 and might suggest that cancer screening could be more limited in these patients.
Anti-Ro52 is associated with many autoimmune diseases, but it is especially prevalent in anti-Jo1 patients [11, 25] . In the present study, we confirm that the association is stronger for anti-Jo1 (74%) than for anti-PL12 (43%) or anti-PL7 (44%). Anti-Ro52 does not appear to portend worse lung involvement in ASyS but is associated with earlier development of arthritis, mechanic's hands and DM-specific skin findings.
Finally, we found a striking increase in the severity of the ILD in black compared with white patients and confirmed an association between the race and the type of ASyS autoantibody [26] . The severity of the lung involvement in black patients does not seem to be attributable to the higher prevalence of anti-PL12 in this group of patients, because both factors were independent predictors of the ILD severity without any detectable interaction between them. Thus, this would suggest that: (i) there is a mechanistic link between race and anti-PL12 autoantibodies; and (ii) both the race and the autoantibody status act as independent modifiers of the disease severity.
The present study has several limitations. First, most of the conclusions of this study are based on signs and symptoms that were recorded prospectively from the start of the study in 2003. Consequently, we could not include activity and damage tools or comprehensive arthritis scoring systems that were not available when the study started. Second, as this is a reference centre for myositis, it is possible that the most severe patients of the spectrum were selected; however, comparing our data with similar cohort studies it seems that the severity of our patients was similar or even lower than in previous studies [13, 14] . Finally, the increased ILD severity that we detected in black patients might be partly explained by socio-economic factors that we could not take into account. However, these socio-economic factors would presumably also have led to increased muscle weakness, and we could not detect this.
These limitations notwithstanding, this is the largest ASyS cohort study conducted longitudinally in a single centre and provides valuable information suggesting that the different anti-synthetase autoantibodies define different diseases within the ASyS spectrum. Thus, anti-PL7 and anti-PL12 syndromes are characterized by more severe ILD, whereas anti-Jo1 patients show more severe muscle involvement. Black race was identified as a major 
